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ABSTRACT
Introduction: The aim of this study was to
demonstrate and explore the ability of novel
game-based perimetry to establish normal
visual field thresholds in children.
Methods: One hundred and eighteen children
(aged 8.0 ± 2.8 years old) with no history of
visual field loss or significant medical history
were recruited. Each child had one eye tested
using a game-based visual field test ‘Caspar’s
Castle’ at four retinal locations 12.7
(N = 118) from fixation. Thresholds were
established repeatedly using up/down
staircase algorithms with stimuli of varying
diameter (luminance 20 cd/m2, duration
200 ms, background luminance 10 cd/m2).
Relationships between threshold and age
were determined along with measures of
intra- and intersubject variability.
Results: The Game-based visual field test was
able to establish threshold estimates in the full
range of children tested. Threshold size reduced
with increasing age in children. Intrasubject
variability and intersubject variability were
inversely related to age in children.
Conclusions: Normal visual field thresholds
were established for specific locations in
children using a novel game-based visual field
test. These could be used as a foundation for
developing a game-based perimetry screening
test for children.
Keywords: Child health; Game-based test;
Pediatrics; Perimetry; Visual field
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Perimetry is an important instrument for
diagnosing and measuring progression of
neurologic diseases and glaucoma. However, in
children decreased compliance associated with
poor understanding of test procedures,
difficulty with fixation [1], and short attention
span can lead to limited reliability of
conventional techniques [2].
There is evidence that attention and
co-operation in young children can be
improved with a more engaging central
stimulus [3] such as a cartoon video or game
[4–7], and several researchers have used this
principle to develop visual field tests specifically
for children [4, 5, 7–9]. Mutlukan and Damato
[9] used a moving fixation target which the
child had to track with the aid of a joystick. This
technique reduced fixation losses but required
good motor skills and focused the child’s
responses onto the fixation target rather than
events occurring in the periphery. Murray et al.
[7, 8] developed a test based upon eye
movements. The test was easier for younger
children who naturally wanted to look at any
suddenly appearing stimulus but requires a
calibration procedure and complex
eye-tracking equipment. Allen et al. [4] used a
preferential looking technique, in which an
observer checked to see if the child moved their
eyes in the correct direction when a cartoon
video moved to a new location, but the
technique is non-quantitative and may be
only of value in detecting gross visual field
defects.
For a perimetric technique to be sensitive to
abnormalities, normal thresholds for that test
need first to be known. The threshold
is defined as the degree of intensity of a
stimulus necessary to correctly detect that
stimulus 50% of the time—a higher threshold
relates to lower sensitivity to the stimulus by
the patient. In routine perimetry, defect values
are the difference between the age-corrected
normal values and the threshold estimates, and
probability values take into account their
variability. With suprathreshold perimetry
techniques a normal database is first needed to
establish the appropriate intensities for each
test location. As yet, however, there are limited
studies exploring normal threshold levels in
children and none using gamification
techniques [1, 10–16].
For this paper we present a novel system of
assessment of visual field thresholds for specific
points in a child’s visual field and explore the
characteristics of such thresholds in different
age groups. Obtaining separate thresholds for
all possible test locations is not practicable as it
would require extensive testing times that
would even fatigue adults and lead to
inappropriate values for children.
This paper therefore assesses detailed
normative data for children at a selected
eccentricity using a novel game-based visual
field test ‘Casper’s Castle’. The current study
does not represent validation of a field test but
the application of new and novel technologies




Ethical approval was obtained from the local
National Health Trust committee and the study
adhered to the tenets of the Declaration of
Helsinki of 1964, as revised in 2013. Informed
consent was obtained from all the adult
participants or the guardian(s), and assent
from children when possible (including the
use of Fig. 1). Medical records of the children
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were reviewed and the following inclusion
criteria applied: children should be aged
4–15 years with no neurological/ocular
diseases that could affect their visual field or
physical pathology that would prevent them
responding to a computer game. The age range
reflects a desire to assess a broad range of
children and the lower limit was set by pilot
study experience that children aged under
4 years might have significant difficulty with
the test. When both eyes met the inclusion
criteria, one eye was randomly selected for
testing. Any refractive errors were corrected
before testing.
The Perimeter
The ‘Caspar’s Castle’ perimeter is composed of a
host laptop (Thinkpad, Lenovo, China)
connected to a calibrated OLED display
monitor (Sony PVM2541A, Sony Corporation,
Japan) which is encased within a model castle
structure. A viewing window and headrest in
one wall of this structure allow for subjects to
see the monitor, and a control panel connected
to the host laptop allows them to respond to
targets on the screen [5] (Fig. 1). The inside
structure of the castle was covered with black
felt to reduce reflections.
Game Design and Test Strategy
The game Caspar’s Castle was programmed with
Unity (version 4.3.4f1, Unity Technologies, San
Francisco, USA) using the C# language. Prior to
playing the game, children were shown an
animated storyline explaining the game plot.
It involved a central character, Prince Caspar,
with a vacuum cleaner and brush to sweep up
‘googlies’ that have ‘messed up’ the castle. A
central googlie hovers just under the brush and
the child was asked to sweep the googlie up
when it became large by pressing a button (see
Fig. 1). The central location of this googlie was
taken to be the point of fixation from which the
coordinates for the peripheral test stimuli were
determined. A secondary task for the children
was to press the button/move the joystick when
a peripheral test target appeared, which
children were told were extra escaped googlies.
The game involved graphical awards and
training levels before the threshold testing
levels, which were programmed to increase in
difficulty to match increasing competency of
children playing the game.
Game design, prototyping, and development
took account of game theories involving
mechanics, esthetics, technology, and storyline
[17]. These were considered along with
psychological and specific psychophysical
requirements of a perimetric test. The final
physical and software game characteristics were
derived by combining these fundamentals with
an iterative approach of testing and
redevelopment. In brief, in addition to regular
software alterations, we explored the use of two
Fig. 1 Casper’s Castle game-based visual ﬁeld test for
children (a). During the test, the participants were
encouraged to look at the ﬁxation point (b, c). They were
instructed to press their control to get the Prince Casper to
sweep the googlie up into the box when it became large
(c) and to press their control to vacuum up any peripheral
googlies (d) when they appear
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operating systems, threeprogramming languages,
ten interactive model structures, five basic game
types, and 12 types of input devices. After testing
on an initial series of 112 patients, we felt from
observational studies andpatient/parent feedback
that we had developed a satisfactorily working
system. It is this final system that we present in
this paper, used to assess normal thresholds in a
further 118 children.
Test Parameters
In test period 1–3, the luminance settings of the
stimulus were 20 cd/m2, background was 10 cd/
m2, and the stimulus presentation time was
200 ms.
The size of the test stimulus ranged from
Goldmann size 0 to VII with seven extra
intermediate levels (15 levels in total, Table 1).
Threshold Algorithm
An up/down staircase algorithm was used to
determine the threshold size. The step size was
set to two stimulus size levels until the first
reversal and then reduced to one until the
second reversal (terminating criterion) was
reached. A pass criterion of two seen/three
presentations was used for each size before any
change was triggered. The last seen response
was taken as the threshold estimate. To
minimize long sequences of seen or not-seen
responses two staircases were run
simultaneously across all test locations, one
starting from size 15 (well above the estimated
threshold) and the other from size 1 (well below
the estimated threshold). As soon as a
terminating criterion had been reached a new
staircase was started from the same starting
Table 1 Stimulus size levels in different units on the monitor (dimensions 54.4 cm 9 30.6 cm, reference resolution











1 0 0.05 0.47 1
2 0.08 0.67 2
3 I 0.11 0.94 3
4 0.15 1.33 4
5 II 0.22 1.88 6
6 0.31 2.66 9
7 III 0.43 3.76 13
8 0.61 5.32 18
9 IV 0.86 7.52 26
10 1.22 10.64 37
11 V 1.73 15.05 53
12 2.44 21.28 75
13 VI 3.45 30.10 106
14 4.88 42.56 150
15 VII 6.89 60.20 212
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level. This process allowed collection of
multiple threshold estimates if the subject was
enjoying the game. The test was performed at
an eccentricity of 12.7 from fixation along the
45, 135, 225, and 315 meridians [18].
Data Analysis
All threshold estimates from the four test
locations were pooled to provide both average
values (final threshold for each subject) and a
distribution of values (standard deviation, SD).
Intersubject variability was calculated.
Relationships between threshold, age, and
intersubject variability were explored in Excel
(Microsoft Office 2010, Microsoft, USA) and
IBM SPSS Statistics (Version 22, IBM
Corporation, USA).
RESULTS
One hundred and eighteen children
participated in the study (mean age
8.0 ± 2.8 years, range 4.0–15.5 years, 72 right
eyes and 46 left eyes). There were no children
with significant refractive error ([4D). Nineteen
children (16.1%, aged 6.3 ± 2.4 years) stopped
before the test end. Eleven children (9.3%, aged
5.9 ± 1.3 years) failed to play the game and the
data was lost from three participants (2.5%)
because of software errors. Eighty-five sets of
data were available for analysis. The mean age
of the children in the final data set was
8.7 ± 2.7 years, range 4.2–15.5 years. The test
time was 7.2 ± 1.0 min (5.1–9.6 min).
The threshold size at 12.7 from fixation
reduced steeply with age in children (Fig. 2).
The intrasubject variability at 12.7 from
fixation was 1.1 ± 1.1 in children, range 0–6.4
levels (0.26 ± 0.25, range 0.2–1.91). It was
greater in children younger than 10 years old
comparing to those over 10 years old (Fig. 3).
The intersubject variability at 12.7 from
fixation in children was 1.7 (0.52). It
decreased significantly with age in children
(p\0.001, generalized linear model regression)
(Fig. 4).
DISCUSSION
This study presents measurements of perimetric
thresholds at a certain eccentricity for normally
sighted children, using a purpose-built
game-based visual field test. The system and
software design, storyline, graphics, and game






















































Fig. 3 Relationship between intrasubject variability and
age in children
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and clinical objectives of maintaining central
fixation with response to peripheral targets.
This required a careful balance of game
difficulties in order to minimize the effect of
reduced spatial attention on peripheral stimuli
[19].
In addition, the peripheral testing
algorithms were purpose-built to assess visual
field sensitivities in this difficult population. We
derived thresholds using two fully automated
and simultaneous staircases, one starting from
above the estimated threshold and one from
below, to reduce long sequences of seen/missed
stimuli.
Children showed interest and enjoyment
throughout the test. The test time was
comparable to the time needed for a standard
automated perimetric test in adults, and only a
small percentage of children (16%) did not
complete it, testament to the power of the
game-based test in maintaining the attention of
children as young as 4 years old.
In this study, variable stimulus size was
chosen in preference to variable stimulus
intensity because of the luminance limitations
of modern displays which can rarely exceed
300 cd/m2.
The results from this study are consistent
with those from other studies in finding a
reduction in threshold (increased sensitivity)
with increasing age [11, 14, 16, 20]. Previous
studies have indicated a linear increase of
sensitivity with increasing age in children (up
to 14 years) while some [12, 13, 20] also
reported that after a certain age (8–14 years)
the association did not exist and the sensitivity
was similar to young adults afterwards. Our
study found the relationship of threshold with
age was best fitted by a logarithmic rather than
linear function. A similar finding was made by
Blumenthal et al. [21] using frequency-doubling
technology. This possibly reflects that the rate
of development of the visual system is itself not
linear. The decrease in variability with age was
consistent with the earlier studies [11, 13].
Limitations of the study include the small
sample size within individual age ranges and
limited range of tested locations. Variations in
children’s ability to play computer games may
have had an impact on variability as well as
their psychophysical differences.
CONCLUSION
The current study demonstrates the potential of
a game-based system, ‘Caspar’s Castle’, to
measure visual field thresholds in children.
The results also provide detail on the nature of
pediatric thresholds and variability with age in
children. They could be used in future to derive
approximate normative threshold values and
suitable suprathreshold test intensities for






















Fig. 4 Relationship between intersubject variability and
age in children at eccentricity of 12.7
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